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m^m2 4iimnmmmt)'^s iN^, siOg, s ion, AI2O3, ai 
im^m 2 5 ] mm^Bmi^izmm^^ ssonm-igon 

m(DraT'fe-g>r i:^#M^-r-g>if^«5. 7, 19, 2 1 (7)V^'rtl*^^CfH«^<Z)^ 

[it^«2 6] mmMim^\zmmir^ v-'^%owi^ff^^ 5 0 nm~i 9 0 n 

m®r^T'^SZlilS:#^i:t- -SH^Jge. 8, 2 0, 2 2 (Z) VNTtl^ncfH^C?)^ 
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[0 0 0 2] 
[t^&5f5(^g^^] 

tpX'^mit:^V ^jA?^it^m^mi$> (GaN^4^##:: Al^Cayl n^N (0 
^x, y, z^U x + y + z = l) ) ^j:^^^CSf^;^)'^^f^t)tl> »^l63t^'f:t 
-K (LED) , m^LEDi)mm^t'^tlX\>^^. 7.ifmu<D±m 
mtOf:L}^\Z. 4 0 0 nm!^^C^^g^g;R$:;t'r5^^#:l/-if*^a^$^l3^^ET' 
[0 0 0 3] 

BSgD T'^So -y-^T-TT^^l 7 0 1 ±{C^il^M^M^«^ (MOVPE?SS 
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) J: U G a NJ'^vy tM 1702, n-Ga NM 1 7 0 3> n-A 1 G a N ^' 
v>yFSl 7 0 4, n-G a N^;JjM Kii 1 7 0 5, G a^_^I n^N/G a^_y 

I HyN (0<y<x<l) fS^^tjt^^mM^n^ (MQW) ?S'I4M 1 7 0 6, 

p -G a N3fe:i/>r KM 1 7 0 7, p-AlGaN^^^yFMlVOS, p-Ga 
N3>^^ hS 1 7 0 9:^>^^:R$tl-5o -etT, p - G a N =l > ^ ^ hM 1 7 0 

I I j&^©jiifeism{cj;oTa«?)ia,*ti-5o -e(7)^u y s:;:??. h^-f >^^t)Js i 02 

1 7 1 l±lCfci:;tliN i/Au:ib>^J&Sp«^l 7 1 0, ^5:n-G a 

NM l 7 0 3 7!)'!®ffi-r'5*T'X^y^>irb?^*®lCJti:^lSt i/Al*^^^-2> 
nS^l 7 1 2 j;)>J^fig$tl^ = 
[0 0 04] 

*^^^CfeV^TnSfiil 7 1 25:^mb,, p«ffil 7 1 0{Cjli:&|Rl(7)«ffiS:PP 

*[rl-'5i:, MQW?S'[4M 1 7 0 6^c(oI*^oT pSSi 7 1 offlif*^e);J>-;i/*^, * 

^n«Ml 7 1 2M7!)^e3«^-:<)^^4A$tl, ttjIHMQWMSM 1 7 O 6 p^jT^^ffJ 
|§|gM«4 0 0 nm^(DU-if|glg§:jgr'ro MQW^SttM 1 7 0 6 
OM)|SFT'$>SGa^_^I n^N/Ga^.yl nyN«M(Dm^l^J?JC<i:oTl§M^ 

[0 0 0 5] 

G a N^M^^^;R3-&'5fc«?)(Da«il bTli, -9-7T>rr, S i C, S i J& ' 

mfi: (^^b^te^, e>it^^^, iS-^K^) 5&'!#<, #!Ix.li-9-:7r 
^fra^^S i CS^SrMVNfe^-^, Jfttl X 1 0^cm"2®|E^5b^#^-tS, ^ 

[0 0 0 6] 

d^i^ZiCS^T'^-Sl^l ODil^C r j o u r n a 1 of Material Re 
serach,Vol.l4 (1999) pp. 2716-2731J 

. ^&.mM^w.<Di3miL\^xmm.m.ij\^m.^ (elog) i}mm^t\.x\^^. z. 
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mi 8 0 A^mmir^o ^m^-mti^x. mov p e^^/n^t f^-t K^M^sa^R 

m (HVPE^S) §:MV^Sc m'^^(D±mitmi X 1 0^cm~^tm&(D^\^^m 

mi 8 0 6i)m^t^f}^. m:&\^^Mbr=.m^it^i<L^m-A'^i x i o^cm'^ 

m^X^mX^X\t^^o ^LT, Zl®«^<Z)^i?^V^fIJgcl 8 0 5®±SlJ{C?S'(4^I 
iglc S z: i: T'M^ffi 5: |Hl± 3 ii: J: e) i: L r S o 

[0 0 0 8] 

Mi&iZtjt-DX. G aNS^&f^ig■t^W^;^)'^^^^G^oTV^-5>o 
> [0009] 

^^:SCMX&^f^2(DWi:$C ^ J a V a n e s e Journal of Ap 
plied Physics, Vol. 37 (1998) pp. L309-L 

3i 2j xit. ■^yT>(rmu±iz^:0:Lr^GaNm^izis\^^x'\)-yr.^rmm. 
^mmxnm^^:^mxG aNmm^m^^ii'^'^B^tix\>^^o ii3(Z)i& 

j^rjapanese Journal of Applied Physic 
s. Vol. 38 (1999) pp. L217-L219J Xit, Nd:YA 
GV-lfCDmS'Mmm 5 Snm) $:#rJMbfcL/--b*^M*ft-SZ:illCj: 

»J, -9-7r>f ra«#i£T'G aNM^^t^-il (U 7 h^r^) T'^S^^^^^Stl 
TV^-5. rtltt, •9-:7r-f TS«#ja(DGaN^^:^)'5{£a«T'=¥^UT?i;gA'5l« 

.^^^t.ii^mmx^^t-^tix\>^^. 

[0 0 10] 

||{CJ:»J, •^yT>(rmU^^<bG aNM^^mt^miCG a 'i^m\Z'?=yv^iS^^ 
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^rX'^^^T'tt, -y-^T-f T««i:G a NS(D:e'lt(Z)0J^ttCffitl, GaN 
L7^^^, ^Ma<DG a N^^jJjM'^SgT'^ ^ J: e> tC-t-S Zl i: 

[0 0 13] 

[^M$:«¥^t- -Sfee^c^^M] . 
a N^^##:ji®r^{C, tuiaGaN^^^^jf ^x:^^;l/dE^- 
il, G a N^^^#:M J: y ^^^^ F^-V :/<7)/JnS V^^#^® » 3 5t:SLt?4 5tM 
^T* U , ^ v^ ;t «) fc \z U ^Br^-lt b ^ "t 

[0 0 14] 
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^k\ZUMm^m'^ ^ 0°C\Zt.-^n^\^f::L%.. a«10 1±lC> -^$&*2 5mm 
o 1 /m i n® h U ^^;i/:</'J "i^A (TMG) iLm^m^iS^l . 5L/minCDT 
^^^T (NH3) i^7.>L. ^•vUT;^j*xi:bT;!K^i:$:lRl^{c«|^1--g> -ilic 
J: U> J»$*^2 0 nm(Z)G a N J: U ^-SMA^y tM S:^;S$i±-5 = 
[0 0 2 2] 

■ec^^, 1 0 2 or TMGiiNHgil^r^^^&U, GaNSlO 

2$:*i^-r^ (02 (a) ) „ ZKZ) ^^ffiiiCSlC^S; o T 
[0023] 

X. E CRT. 7-^ -J ^^£i£(Dmmmmmmm^m^^r >; ^:^'?^^cz)0®h u -fe^^is 

®(C#^^$fe^i^T'^^ S i Nj^l O 3 (JSSlOnm) Sriia-t-S (1112 (b 

) ) o 

[0 0 24] 

^7^:, X h^--ry(D:^f|oIl±G a N(0< 1 - 1 0 O^^ffilT-fe-So 
[0 0 2 5] 

U ^y i^^(Z)]I±{C^mL/feG aNJil 0 2 ©Cffi^ffiJ^^i: LT^ffiMO V P E 
^SlC j:oTXT^-^^y^l 0 4, n - A 1 q Q3G a q g^Njg 1 0 5 (jp:$2/£im 
), n-A iQ^^GaQ gN/n-GaN®^^zi>'^^' hjgl 0 6 (m^2/iim 
), n-Al.O. OSGaNO. 97 NM 10 7 (JP^ 0. 5 ytt m) 
f S (0 2 (c) ) „ n-A 1q Q3G aQ g^NMl 0 SliXT^-V^y^l 04(D 
tf^gP#i£T*^^b^^g|52 0 1 $:?^^LTVNS, 
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[0 0 2 6] 

n-A 1 GaN^'^^y K® 1 0 7 ^U-fe;^4^ (IHIil^) iZtQJlb. 
n-G aN0|&^n>^^ hJf 1 0 6 * T'So T =fo3b^*4^^ V^<. ^LTU 

^(Dmmtv ±::^mmizs iN^i 0 8 (^$ionm) ^mm^^ (02 

) ) o z<D^v V v=y^ ':fo^mm\t 1 6 m, vmmw^m 3 m-e^ 

[0 0 2 7] 

^) V V(D-^±,}.zm^L ten- Al QQrjG Si Q^Q^^ ^"yv KM 1 0 7(DC®$:M 
M^i:LT^I^i±MOVPES^cJ:oTxT^•V^y 0 9, n-GaN^:j!/-r K 
M 1 1 0 0 . 2 m) . #M*^#^ (MQ W) 111, p - G a 

N)t;«;-r KMl 1 2 (J?30. 1 a* m) , p - A 1 qq^G a Q-ggN ^ ^ KM 1 
13 {m-^2uLra). p -A 1 Q QyG aQ ggN^'^'y KM 1 1 3 lixT^-V^yy 
1 0 9®cf»:^SlJ#iaT'-^<*cL/TV%So 
[0 0 2 8] 

P -G aNJi 1 1 4±{Cp«Ml 1 5 p«^115^ip- 
G a NJi 114, p-AlGaN^^^yFMll3§:i|ig5// m^M(Z) 'J 2/^/c{C 
®mi//t p - A 1 0.07*^ ^0,93^^^^^ ^^^^ ^ ^ Z±\tS i Og^ 

if(Z)!ii6i^Mi 1 6$:^^b, ^mmmm^^f^m-t^o mmmi i eoj^g^*^ 

li, ECRy^/^'^y^S:MV^TV^-5. p 1 1 5 ilijifeii^J^ 1 1 6±{Cli 5 /a m© 
Au*^^,^-5i^^mMl 1 S7!)^?^fife$tlTV^So 
[0 0 2 9] 

^(Z)^, •9-:7r>rra^gl 0 l©«MJ:Un-AlQ QgGaQ gyNl 0 5(Z)« 
*SSi:^orVN-5GaNjf .l 0 2g|5:0>(^^§P=fe,L/<li-aS{C^^l/--if)t2 0 2 

(Nd '.Y KGv-^m^mmm a^^ssssnm) ) srRsiifb, mm^m^^ 

[0 0 3 0], 
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[0 0 3 1 ] 
[0 0 3 2] 

^r, mm^M^(Dmwi^m'§m^mizmmi^. ^^#h^*{ct,^i o o o 

m<D'$C:^^t;^^m-t^t: i 2.0 o^c^T-jb^M* bv^o 

[0 0 3 3] 

•t-SXglCfeVNT, l/--!f.3fe©M:Rli4 0 O nm-' 15 0 nm<DmmX*l&^Zll 

0.03^ ^0.97^ 1 0 5(Da^H%#i£^^oTV%§G a NJS 1 0 2 gp^fo^ IC L , n 
-A Iq. 03^^0.97^ ^ ^ 5(Da*g^i:;5loTVASG a NJl 1 0 2 SPr^j^T' l/-if 

[0 0 3 4] 

t f -6 uy:Xoym.^'^t)-ii. ^L< lt®^V :^y^^-t.f-6 vyXcDm.^ 
*>'5v^ti(Dx-y:^7^-^'^cJ:S^Kr<z>3o<^)^^£:*^#;le>4^^*^, tf 
- A ® 7 * - X &g $: iE5$ tC'^^ -5 tt(D X - y ;^ 7^ - $: -5 

< 1 - 1 0 o>:^io]T'fe-5z:i:7b'5Mt Lv^o 

[0 0 3 5] 

««1 0 1 HUitmm^l 0 5 $r:$Mtt-<5XS{C^VNT, U i?MMilUi2X 
L ^-fbifei^l^^ tc -r S 3 i: ^ ^ if ^ V ^ 7^ i?) . t^^jf^M i: ibic b T 

[0036] 
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[0 0 3 7] 
[0 0 3 8] 

(mmm 2 ) 

[0 0 3 9] 

PATs :^^m<^^2<Dmmmm^c^^^^m^<Dm^:^^(Dnmiz■D\>^xmm^ 

[0 0 4 0] 

TV^So z:i©S«0>f^^i^:^^$:XS«g{Cg|4 (a) — (d) iC^fo 
[0 0 4 1 ] 

SS^3 0 1 ®^®S:m^?KtCj:U?$fe#-rSo ^<D^> ?$fet^b)^««3 0 1 $:M 

0 V P E^g<D)K/^Sj^|^<Z)-9-l2 C-^itb, )Kf5iPSra;^#^-tS= il^VNT. 
M/JSj^f^$:JE:^J:^^3 0 OTo r r®7K^#H^i:L/, MS$:Jlitl 1 0 0t:*T'# 

SLT»«3 0 1 &iiaj^u^®(D-!t-v;b^^ u -=-:y^^mi o-^m^^^^Oo 

[0042] 

mzBLf^^^m^ 0 OX^lZtXnmLt:!^. O 1±IC, #^$&*2 5 mm 

6 l/mi nCD h y ^>;i/;?/U 't'A (TMG) il^*&a?b^7. 5 L/mi nC^T 
>^nT (NH3) :^'y.t.. ^-^Vri^7.t.VX7i^m}i^mmzm^'t^:iiHZ 
j?^*>2 0 nm<DG & N ^^Jfj^^i&Wivyrm^^&^'&^o ^(D^. 

1 0 2 0r;*T'#M$ii:, TMG il N H,3 i: G a N jf 3 0 2 &*i^f 
-5 (EI 4 (a) ) „ ZlCDil#^®^iG®^C^oTV^€>o 
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[0 04 3] 

.) ) o 

[0 0 4 4] 

tr=.. 7. h'y-(:f(D-:^mUG a N(D< 1-10 0>:^\aiV:&^. 
[0 0 4 5] 

mK^'Dx:nr^^'^^:f3 0 4. G aNm^mi^ms 0 b^mmt^ 094 cc 

) ) „ G aN^^mi^ms 0 5\,t:r.r^^vf3 0 4<btp^m^7S:X^i^L^i^ 
SI540 1 $:?^^LTV^^„ 
[0 0 4 6] 

-e®^, i^-^T^rr^^S 0 l®MJ:y h-AIq QgOa^ g^N S 0 5(Z)S 
*gSi:^oTVASG aNM3 0 2 g|J^(D^S|J% L < li-gPC^^ b-if 3t 4 0 2 

(Nd : Y AGly-^msmmm 5 5 nm) > $:miifb, Um^m^l^^ 

jt^t^miz^'^t^^mmnm^^^rcGaN^m^^i^m-t^o 

[0 0 4 7] - 

> 3(0J:e)lCbTlll4 (d) IZ^-^tl^G aN^^mi^mm^f^mt^:iiiff^x 

[0 0 4 8] 
[0 04 9] 
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m(D^^:^~V^^M.-t^hL 1 2 0 0°C^T'^^M^ bVN„ 
[0 0 5 0] 

ltt--5X@lCfeV\T, U--9*31&0?S;SI±4 0 0 n m-- 15 0 n mCDlgfflT'^S Zl 

N^M^3 0 5(Z)algH^#i£i:;S:oTV^§G aNjf 3 0 2gP^^^L, G a N^M 
^3 0 5(Z)alg^i:^oTV^SG aNM3 0 2.^:9'T' b-if ^(^ni:^;i/dEf-^S 

[0 0 5 1] 

i: f - 0 l/>X<D;ia^5*'^t)i±, ^L/< J*®;i<U ^-i: f - 0 vz^X(Dm^ 

^fy^t. ^•5V%li(Dx-y^-5^-t;icj:S^i&(Z)3o®^?S*'!#^e>tiS;«)^ tf 
-A(D:7:r-:*;^^S5:iE5$lC'^it^-5fe«?)lcii, ®x- y XT^-S^'^r^ttr-tS 

(D< 1 - 1 0 0 >^|6lT'fe-6 i i:;5)'!M^ L VN„ 
[0052] 

«5K3 0 1 Hmtmrn^^ 0 5 5::$Mtf 'SXS^CJ3V^T, U ^ytPmmt. U-feX, 
[0 0 5 3] 

M«l6«;j&U h^>rytcf^fcoT, M«Be«F?5;l&^±(30U ^i/S;^'^^^•:^• 
fc«-^■^? ^^^-fft n-s „ 

[0 0 5 4] 

l« ^ ^m^Tb'J Rffg T* & S Z: l± V ^ * T' =fe ^ V ^, 
[0 0 5 5] 

immm 3 ) 
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[0 0 5 6] 
[0 0 5 7] 

TVA-So ^(Z) L/--tf<Z)>fM:^^$:X@Jli{CB|6 (a) ~ (e) IC^fo * "f, i?- 

:7y-rrJ:y^-5««5 0 l(75^®S:^^?gtlCj:y?5fctl^f ^, -e<Z)^, m^hfz- 

•t^o m^^X. M^S^P^$:ffi:^;jb^3 0 OTo r r<^7Km#H^tb> 

1 0 O'CtX^ULXmU^ 0 1 $:;(in^L/^®CDi?--v;i/^^ U - 0 

[0 0 5 8] 

. mz^m^^m^ 0 OX:iZ^X'^Uht=.^. ««5 0 1_hlC> '^$&ft2 5nini 
o 1 /mi n(7) h U ^^;i/;!/U 't/A (TMG) ^^fcl^ijO^?. 5L/m in®r 
>^^T (NHg) -:*fxi:, ^-v UT;!3*;?.i: L/T}!K^i:$:!lI^Jc#fc^-r^z:i:{c 

[0 0 5 9] 

^<D^. 1 0 0 0 t:*T#?a$-fr, TMGilNH3i:$:#t$&b, GaNM5 0 
2^mm-t^o MvaT> 0 0 0°ClC^l?#?ab, NHg, TJli/y 

feit^TMG^^^&L'TJ^^Tb'^Tii^Il 0 0 nm(Z)G a N 0. 96AsO. 0 4 J; U 
^<5«^:9'ilM5 0 3 §:^;g$-&So rcDh^^ffitiCSlC^oTVAS (g|6 ( 

a) ) , zomm^mm^ 0 zitm^m^mL^'r^'^mitf^^mii^mx:^*). m 

[0 0 6 0] 

yythVV^'^y^-nm. K^>fx^y^>^r^^$:MVATGaNJi5 
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mt.v-t7.}&mizwBMmmmv:&^s iN^5 0 4 (jp^ionm) ^mm-t 

s me (b) ) „ ' 

[0 0 6 1] 

X h^>ry(^)^^^a^iG a NOD< 1 - 1 0 o>:;^i«iT*$>-5o 

[0 0 6 2] 

oTxydjJ^vy y 5 0 5, n- A 1 Q QgG aQ gyNM (JP:$ 2 A m) 5 0 6, n 
-AIq .^GaQ gN/n-GaNM*&^il>^^ hJi (J?$2wm) , n-Al 
Q QgGaNQ g^M (jPSO. SMni) S:Jli7^ii^t*S (0 6 (c) ) „ n-Al 
0.03^^0.97^^^ 0 6\,t3ir^^v^5 0 5<Z)l^^:ftgPfd■iaT'-^#:L-^^^:|fP6 0 
1$:0^LTV^^„ 
[0 0 6 3] 

miz. n-A 1 G aN^^^y FM5 0 7 SrU-fe;^^^ (|HI4^) IC;&IIXL. MKBfitf 
y i^';^ h^>r^S:?^^!Ki-5o r<D^, x>y^>e^7b^n-A 1q jG aQ gN/ 
n -G a N^|&^=i>^ hM* T'MoT t;*^^t)?^VN„ LT U y i:^mV<(Dm 
®i:Ui2^1g®tCS i N^5 0 8 (J?S 1 0 n m) S:iilS-rs (0 6 (d) ) „ 

'^^(zf commit 1 6 fim. v^^/t^mitmmms fimx;&^o * 

fe, ifi«; 3 /i y -/ Vmit:r-T^^ ^y :/ 6 0 4 Jig|S(©Mjll£fi*^^f^^^ V^M^■e?^ 
[0064] 

U ^y S^'Olg±lC^mL/fen-A 1 o.07° ^ 0.93^ ^ ^ ^ ° 7 (DCW^U 

M^i:LTMJEMQVPE^S{CJ:oTxT=ar-Y»y^5 0 9, n - G a N)^:)!/ K 
JS5 1 0 (J¥$ 0. 2 /ini) , #M*^#:r (MQW) vSffiJf 5 1 K p - G a 
N)^:«f-r FM 5 1 2 (j*$0. l^m), p - A 1 q q^G a Q-ggN ^ ^ ^y KM 5 
13 (J^$2/im), P -A 1 Q Q^G aQ ggN^^^vy KM5 1 3 liXT^^^y . 
5 0 9©(tf^gp#i£T*-^^LTVNSo 



1 6 



200 3 - 3014133 



#2001—387033 



[0 0 6 5] 

^CO^, p-GaNjf 5 1 4 J:(Cp«S5 1 5$:itaL/, p m@ 5 1 5 i: p - 
GaNJSS 1'4, p-AlGaN^^^yKMS 1 S^m^ /n mM^O) U V V^iZ. 

It, ECRX7^°>y^5:MV^TV^-g>„ p «^ 5 1 5 i:$fe^Jl 5 1 6 ±{Cli 5 ili<Z) 
A u ^ S 5 1 8 jJj'Sj^fi^ $ 4X T V % S „ 

[0 0 6 6] 

iJ-^T-I^TS^S 0 ii-AIq pgGaQ gyNS 0 6 (DU 

2 (N d : Y AGly-lfmsmmm 5 5 nm) ) SM^HPi)- 

S:3fe^t^6?;{C^Mt:S-&««il^;RS-l±feG a N^M^&:$Mlfr So 
[0 0 6 7] 

Z(D^olZLXmQ (e) IC^^n-S^^^lz-if $:f^i^t-'2>z:i:;^)^T'gS<. 
[0 0 6 8] 

V-if S:MV^T, if ^T-f Ta^5 0 1 i:fife;R$-&:t G a N^M^^rr^'lli-t'S 

iiGaNM*^6(Z)^mM^Sl^^(D^^->:;?S:#Jil-t<5il 1 2 0 0°C^T';^)^M^ 
[0 0 6 9] 

^fe, ^ffl^/^fc-t^•>'T-rr«=K5 0 1 i:fig;R$-&;tG aN^jgS&ii'il 

f -SX^lCfeVNT, l/--!f)t®M:Rli4 0 0 nm-'l 5 0 n m(D|gHT'feS Zl il 

mm 5 os^T&t-h, z<Dm^^mM5 o 3gi5^-eu-if3^<z)x^;i/^-^ig^ 

[0 0 7 0] 
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(Z)< 1 - 1 0 0 >;^foIT'fe-5Z: LVNo 
[0 0 7 1] 

[0 0 7 2] 
[0 0 7 3] 

[0074] 

(^WJ4) 

mih^Mmx^^j:.t>iz-t^z.t^umt-t^o 

[0 0 7 5] 

p^r. :^mm<7)m4: (Dmmmmiz^^^mii^<Dm'Mijm<Dmmiz-D\,^xmm^ 

[0 0 7 6] 

mnt:$immmmizm^^mi^(Dm'M:^m\zm-f^j:nm<Dm^mmm^^iy 
Tv^s. ^<Dy-'^(D^m:^m^j:mmizm8 (a) - (e) ic:^t-o t-f, -9- 

7T>fTcJ:U^§S«7 0 10^ffi$:^^?KlCj:ySfe#-tS<. ^CD^, 

»=K7 0 1 &MOV.P E^«©R^5J^|^(7)-9-fe^^C#if b, jK^SilPSra;^^^ 
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10 o°c^-e#aLT»«7 0 1 ^j--y^'^mi 0 

[0 0 7 7] 

r^lC;5f5^S:)|i?f5.0 OXD{C^T'l^mbfe^, -a«7 0 1±{C, -^i^a 2 5 mm 
o 1 Xmi n(DhV ^'f'JV^'V (TMG) ^#fc|^»*'J7; 5L/min(©T 
>^~r (NHg) =^r-Y U r ;if X LT*^i: S: l^^ic^^t" -5 zi C 

<fc JP$*^2 0 nm®G alSi J: y ;5;-5<£M/'?-/7tMS:^;R$-&§o 
[0 0 7 8] 

-^CO^, 1 0 0 0°C^T#M$-&, TMGhNHgi: $:^,f&b, GaNJi7 0 
2$:ii^1-So MV^■C, /S^S^S:^ 1 0 0 0 °C{C* T'#ML/, NHg, T;i/i/;v 
feJ:OfTMGS:#^j^LTj?S*^J^ 1 0 0 nmCDG a N 0. 9 6AsO. 0 4 J: *J 
^I'S^'KrJMtS? 0 3 S:fig;RSii:S„ r©i:^*®^iC®^c^oTv^§ (08 ( 

a) ) „ 3<z)»«rJ3^iiM7 0 3 M^^it$:^aL^-rv^^>f[:tl4^^#:Ji-efe^J, m 

[0 0 7 9] 

mtv-^^mmici^^Mmmmv^^s iN^i 0 4 (j?$ionm) ^mmt 

^ (las (b) ) o 

[0 0 8 0] 

* fe, X h ^-f :/(5:;^|BiliG a N©< 1 - 1 0.0 >7?iRiT'feSo 

[0 0 8 1] 

E^^lCj: oTa:r^-V^y 3^7 0 5, G a N^^^f^jsjlf 7 0 6 (Ji:$2mm) 
^kmrn-r^ (EIS Cc) ) „ GaNmif^#^M7 O SliXTdt^^^y^^? O SCDtfi 
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[0 0 8 2] 

d : Y AGu—^msmmm m^s 5 snm) ) ^MML. mm^m^^^it 

[0 0 8 3] 

r(Z)<fce){CtTia8 (d) ic^$ti-5^#^*:««$:f^ig1-sz:i:*^T'^-5o 
[0 0 8 4] 

siNMi)^^<Dmmm^mi<-im(D^:^-p^^m-t^t i 2 0 o°c^-e;&'JM* lv> 

o 

[0 0 8 5] 

t.tc. $:«V^fe•9-:7T>f TS«7 0 1 tmM^iir:iG a N^^^Sr^^H 

-r-SX^fC^SVNT, U'-if^(7)M;Rtt4 0 0 nm~ 15 0 nm(DmmX$>^ 

^mKiz^<Lxno:Bi)mth^^o 

[0 0 8 6] 

-A(Z):7 3^-;^JX^S?:iE^t^C'g^^f ^fe4?)(cii, (Dx - y ^7^-i:;$:^l&-r-5 

®< 1 - 1 0 0>:^lBlT'&SZ:^*^M* LV^3 
[0 0 8 7] 

2 0 2 0 0 3 - 3 0 1 4 1 3 3 
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[0 0 8 8] 
[0 0 8 9] 
[0 0 9 0] 

[0 0 9 1] 
[0 0 9 2] 

m 9 IC-D^S ^^^(Dig5g:^^JC J3 It ^ xajii<o«^!g»T® HI 5:^ U 

TV^-g>o r(D l/-if®f^fK:^^$:X@|i|ifC|l| 1 0 (a) — (e) tC^i-„ ff. 

110 0°C^T'#SLTa^9 0 1 U ^*$:i?!«J 1 

o:9'rafer7&e>c 

[0 0 9 3] ' 
mzElZ^m^m^ 0 OX^lZtX^ULf^m. S=K9 0 1±IC, -^|&»2 5mm 

2 1 tt}aE# 2003-3014133 
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(NHg) ii^t. ^^vr^'7.tvx7i^mii^mmz^.m-t^z.mz 

cfc J¥$;b^2 0 nm(DG a N J: U ^-g>{gMA^y 7 rM&fi^;RSi±-S.c 
[0 0 9 4] 

^C^i&, 1 0 0 Or;^T'#M$-ti:, TMGilNHgil^^^&b, GaNM9 0 

mizm^LX. hU^^/l/^^y-i^A (TMI) 25:t>*TMG$:^|&Lr^$*^*«; ; 
1 0 0 n m<© I 2^ a Q gN j: »J ^5«^:$MtM 9 0 3 - 0 

^^SttCMlC^oTVN^ (miO (a) ) „ ^©S^re-HJig 0 3«*i:$>lt^ 
[0.0 9 5] 

0 2fej;t>*9 0 3 ^U-fe^^^ (IH^) {C;&[IXL, MMmt^V y t^:^ ^ 

®i:U-fe;^;g®{C#^^ififei^l^T'fe"5S i N^Q 0 4 1 0 nm) Sril^gf 

•5 (mi 0 (b) ) o ' * ^ 

[0 0 9 6] 

ZOU^V y h^^ ':f(DmMit l 6 m, U PB0y^it4 n mT'^^o 

^jt, X h^>r^©:;^iRi«G a N(Z)< 1 - 1 0 0>:&fRii?&s„ 

[0097] 

V ^yi^'0D]I_h}CSmb/cGaNMOC®5:®M^i:bTMffiMOVPEi^{CJ: ■ 
pTxr^^E^^ ^y::^905, n-Al q. 03^ ^0.97^^ 2 a m) 9 0 6,. n 

-A iQ^jGaQ gN/n-G aN®|&^-zi>^ir hjf (^32/tm) , n-Al 
Q QgGaNQ gyjf (J^SO. SrWr^^i^'f-'g) (0 1 0 (c))o n-A 

1 0.03^ ^0.97^^^ ^ ^^^^"^^"^'^^^ ° ^^^^^•^'^'^"^"^^^"^^P ^ 
0 0 1 $:?^^L/TV^-g>3 

[0 0 9 8] 

n-A 1 G aN^^^^y KM9 0 7 ^Ui2X^ (H^/t) {CiDXL/, 

2 2 |ifi|iE#2 0 0 3 - 3 0 1 4 1 3 3 
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n-G aNM^^^y^ ^ hmtX^m'DX%t>^^tDfjt\^\ ^ V iymV^(Dm 
mt UIZJ^iSBtCS i N^Q 0 8 1 0 nm) ^mm-T ^ (010 (d) ) 

[0 0 9 9] 

*g^^LT^ffiMOVPE?S{Ci:oTxr^^^y^9 0 9, n-GaN3t?!f-r K 
»9 1 0 (J?$ 0. 2 m) , #m*^3«^^ (MQW) 9 1 1, P - G a 

N9tiS^\^m9 12 Ifim). p-A 1q Q^GaQ-ggN^^^y KM9 

13 (m^2/im). P-A1q QyGaQ ggN^^y KM9 1 3{ixT^^^vy 
1 0 9(Z)ift:?igp'WjaT'-^f*:bTVNSo 
[0 10 0] 

p -GaNM-9 1 4±{Cp«^i9 1 5 $:*i^L/, p«^9 15^p- 
G a NM 914, p-AlGaN^^^yKS9 13 $:i|ls 5 m ni@S<Z) U V i^V^lZ 
taJlt^o ^mUfep - A 1q Q^G aQ ggN^^^y Kjficg 1 3±«S i Og^ 

^®3ifiii^K9 1 6S:MSL, mmmmm^^^m^t^. mmm^ i ecDj^gg^^s 

ti, E CR>;7N°^y ^ $:MV^TV^§„ P«^S9 1 5 i:$fe#m9 1 6±lCii5 /tmO 
Au*^P>;5:§@g^«®9 1 8}^)^0^ig$tiTVNS„ 
[0101] 

-b-^T-rrs^^g o i cDmsd; »j n-A i q.os^^ ^0.97^ ^ ° 

^H^i:?&oTV^§S^^^liJg9 0 3m^(D±m%l^<^t-miZ^^ly—^yt 10 
0 2 (N d : Y AG l/--tfm3 1^IS?t (M:^3 5 5 n m) ) tt^^SP 

[.0 10 2] 

r«>J:e)tCLTllIl 0 (e) iZ^^^U^^m^^U--^ ^i^mt ^ :i tti^X^ ^ 

o 

[0103] 
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,-[0104] 

»f $:MVN;S:-9-7 T>r rS'KG 0 1 il^^^SitJ^iG a N^M^Sr^H 
f •5X@^CfeV^T, l/-if3t®M:Rli4 0 0 n m-- 15 0 n mCD|gffl-e*S :i i: 

mm 9 0 3#i£i:b, Zl(Z)a«^^ilM9 0 3^^Vly—^yt<7):n:^)V^-^m^ 
[0105] 

^t>i±. fe■2>V^^i(Dx -yX7^->:;?^C j:S^|&<Z)3 •D®;^^*:5#;^?34x-5;«)'5, If 
<Z)< 1 - 1 0 0 >:&fBlT;fe-5 zi i: jij'JM* b v^o 

[0 10 6] 

0 1 i:M>fb#^^9 0 6 S:i^i|-t5X@{cfev>T, U U -fe::^ 

[0 10 7] 
[0 10 8] 



2 4 
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[ 0 i 0 9 ] . 

[0 110] 
[0 111] 

bTV^-g>„ Z(D\y—*f<Di^^:^m^Jimmizmi 2 (a) — (e) iC^fo * "f 

m'^m 110 o'ctx^uLxmmi i o i ^mmLmm<7)-*)--'7ji^ u 
o:j>ra^r^e>o 

[0 112] 

mo l/iri i nCD h U ^^;i/:;!/iJ ^i^A (TMG) 5 L/m i n® 

T>^-T (NH3) ^^Vri^7.t.LXyKmt.^mmz^.^(^t^zt. 

[0 113] 

■e®^, 1 0 0 0r;^T*#M3ii, TMGilNHgil^r^^L. GaN®ll 
0 2 5:*i^t-.-5>o I^V%T, i^m^ms 0 O'ClznUL'. U T:^:^ S:7K^;^)^ 
^^JC^MLT, hU^^;i/>r>^:^''i^A (TM I) ^OfTMG&^l&LTffS;?)'^ 

1 0 0 n I riQ gG a q gN j; U ^Sa^^Q-ltM 110 3 r 

®i:^*ffi^ic^B^c^oTv^-s (mi 2 (a) ) „ z.(Dm^^mm 1 1 0 sitm 

2 5 ffisiE# 2003-3014133 



#2 001 — 387033 

o . 

[0114] 

1 0 2fcJ:t>*l 1 0 3 $:'J-feX^/^ (IHJ*^) iZtUJlL. Mm^^^V vVt. b^-f-/ 
(Z)#I®i:U-fe:;^JS15{C#^^^jiifii^ll-t?&SS INj^l 1 04 (^S lOnm) S: 

mm^^ (01 2 (b) ) o 

[0115], 
ZlOh^U h^>f 1 6 tim^ U i>'gP®if(Sl±4 AmT^feSe 

[0116] 

^) V V(D^AL\zmmhfz.mwL6^mm 1 1 o 3(Z)c®$:a*g^i:uTMmMov 

P E^SlCcfcoTxT^^^y ^^l 10 5, GaN^^##;MMl 10 6 (J*$ 2 m 
m) ^m^km^-t^ (012 (c) ) „ G aN^^^fifcMl 1 0 BlixT^-V^y 
:;/"l 1 0 5(7)cFii^g|S#3£T'-^^L-^^S 1 2 0 1 5:?^^bTV^So 
[0117] 

^®^> -th^T-rrS'Kl 1 0 1 (D^SJ: U G a N^^##;M 1 1 0 6 (DS^ 
Sil^oTVAS««:9-|IM l 1 0 3gP^C^^g|S=bL<t±-iSlCi^^l/-if^ (N 
d :Y KG\y-^^3mmm a^;R3 5 5 nm) ) SrRgML, SM^S^Sr^fe-fC 
^6«I{c^Mb$i±S«i:^;^^-^7^G a N^M^^re^Hfe^o 

[0118] 

zi® J:e){cb'C0l 2 (d) lc^$tiS^^#cS«$:f^Sgt-'5r i::<)'5T'^So 
[0 119] 

$:fflV^T> -t?-:7T-f TMl l 0 l ii^j^^R^-frfeG a.^^hl^^H^^m'T 



2 6 
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[0 12 0] 

ttc. i^-if^Mv\7t-y-7T-rT««i 10 1 t.^M'^'&tz.G aN^^mi^m 

110 6 ^^m-t^JimziS^^^X. ly-'^^CDmmt^ 0 0 nm~ 15 0 nm(D 
[0121] 

^t>-^s $>'2>VNli(Dx-y;^7^-i;icj:5^1fr<7)3o©:J?^*^#;te>ti'5jb'5. 
(0< 1 - 1 0 o>:e'rsiT'fesz:i:A^M^ LVNo 

[0122] 

^«1 10 1 bim^tW^^Bl 10 6 $::$>ltf 'g>X^^C^3V^r, U i^^«ilU 

[0 12 3] 
[0 12 4] 
[0 12 5] 
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[0126], 
[0 12 7] 

LTV\S3 ^<D\y—^f(Di^^:^m^JimmizmiA (a) - (e) {C^fo 
. +f-7T-rTJ: »Jfi^aa^l 3 0 1 C7)«®S:m«tCj: U?5fe#t--5>o 
?^b;tS=Kl 3 0 1 5:MOVP Em«®;Kf5^^I^C^)-t»-i2>^^tC'^i^L, Ml^S^I^S: 

K^P^-rSo i^v%r, ;Si;B;^i^&ffiij*^3 0 0 T o r r®7Ki^#H^i: b, M 

^S:Si«jl 1 0 OVtXM-Ul^Xmmi 3 0 1 %*D^L/^®(^-b'-v;V^ U 
[0 12 8] 

mz^m^^m^ 0 ovizt.x^m.br:L^. a^i3oi_t:ic, #^«&«2 5m 

mo l/mi n(DhV :^^;ViSV (TMG) t^f^Mti^T . 5L/niin(Z) 

iCj:y. jp$*^2 0 nm(Z)GaN J:U^'5iSMA^y:7TJi$:^;R^-^-5o 
[0 12 9] 

■e<0^, 1 0 0 0r;^T*#M3i±, TMGi^NHgi: Sr^j^b,- G a NJi 1 3 
0 2?:*iat--5c ^V^T, NHg, ;tNX:7^'> (PHg) ^t>*TMG bTJ¥ 
^ti^m 10 0 nm©G a Nq ggPg q^J: f^^mm^MM 1 3 0 3 
o 3®i:^^®iiCM^C^eoTV^S (014 (a))o Z<Dm^^mmi303 

[0 13 0] 

mz. y^thV^Jif^y^-nm. F^-rx^y^>^S^S:MV>TGaNMl 
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i^2001-387033 
3 0 2^4:01 3 0 3 ^rU-feX^b^ (IHIi|^) IZMJIL. Mm^^J^V v h^^ 

nm-t^. (Ell 4 (b) ) o 

[0131] 
[0 13 2] 

oTxT^^ ^y^l 3 0 5, n - A 1 Q Q3G g^NM 2 /im) 1306 

, n-AlQ jGdQ gN/n-GaNMI&i=-n>^^ hM (ffS2 Am) > n- 
AIq QgGaNQ gyM (^^0. Sxtm) SrJli<S^ii^"t S (014 (c) ) „ n 
-A 1q Q3G a^g^NM 1 3 0 6it:iir^^y^l 3 0 5 (^cfi^a5#3£T'^#: L 
-^^icgP 1 4 0 1 ^?^^tTV^^„ 
[0 13 3] 

?>CfC, n-AlGaN^^>y KM 130 l^V'^:^^ (IH^) IC^fOXL. MSB 
e<;^U ^VS^X h^^r-li^^rJ^fig-r-Sp Cl®^, X^y^>^}«)Vn-A Iq^G a^ gN 
/n-G a N^m^Hi/^^^ NM^'TMo T=fo*^*fc:^V^. ^LXVvPMV^D 
MSi: y -feXlSWlCS i Nj^l 3 0 8 (ffSlOnm) $:*i«-r-5 (El 1 4 ( d 
) ) c Zl®^ U V V 'y^zfO^mmt 1 6 A m, U Vm^M^^^ 3 At mT'fe 
5o i^r^. m2> ti m® U t>SPlixr ^y >^ 1 3 0 4 ±gp<7)«3i«u&5{)^^^>^v^ 

[0 13 4] 

U ^y i?(^]I±lcMmL>bn- A 1q Q7G aQ ggN^^^^y KM 1 3 Q 7®C®$: 
aSg^i:LTMi±MOVPEiSlC4:oTxT=3s?-v»y>^l 3 0 9, n-GaN)^^ 
>r KMl 3 1 0 (jp:$ 0. 2 /im) , #M*^?fF (MQW) vS'fiMi 3 1 1, 
p-GaN^;?/-^ KM 1 3 1 2 (J?$ 0 . 1 m) . p - A 1 q q^G a Q-ggN ^ 
^ KM 1 3, 1 3 (^$ 2 M m) , p - A 1 Q Q7G a q ggN ^ ^ >y KM 1 3 1 3 
« X T ^ *y 1 0 9 ® cft:^SI$#jaT'-^^ L T V > S 3 
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[0 13 5] 

p-GaNMisi 4_t:{cp«Mi 3 15 ^mmb. pmmi 315 

ilp-GaNMl 3 14, p-AlGaN^^-/ KM 13 1 3 ft mg^gOD 

V yP^lzMJlir^a mmLfcv-A 1 o.07^ ^ 0.93^ ^ ^ KMlCl 3 l 3 Ji 

i±s i Og^afco^fe^i^i 3 1 e^mmL. mmmmmi^^mmt^o mmmi 

3 1 6±tCli5 /im(DAufi^^fjt^mBnmi 3 1 8 J()'!?^fi^S^lT^^-5o 
[0136] 

i^-:7T^T*^l 3 0 1<Z)*®J;U n-A Iq.oS^ ^0 gyN 1 3 0 6 

(Z)a)^^i:75ioTVN<g>a^^^jii 3 0 3m^oy±m^i^<it-mzm^i^--^ 

3^1 4 0 2 (N d : Y A G 1/ - 1f ^ 3 (M« 3 5 5 n m) ) ^MmV, U 

[0 13 7] 

Zl® J:^{CLT|2f 1 4 (e) JC^S tl-g>^##: b-if ^rf^Sgf •§> Zl i: *^T'^ -5 

o 

[0 13 8] 

l^-if SrMVNT, -y-^r^rT^^l 3 0 1 ^fig«$-B:feG a N^^^$:rJ>|j|-r 
-SX^cDMIgpgii LTJ^Arc^:^^5S-e^6^T--;i/$:Mt-i:a«^G a N^Ma^^r 

SliG aNM*^e><^^^M^*fef-t^(Z)^^-S;>'&#>i^i-S2l 1 2 0 OXJ^T'jO'^M 
[0 13 9] 

^-if&MV^fe■9-7T-rrfi«l 3 0 1 h^^-^'^tz.G a.N^m^^^ 
lli-SX^^CfeV^T, l/-1f3fe(7)?^:gti4 0 0 n 15 0 n mCO«gffl-Z?feS Zl 

4>^Jil 3 0 3 ilL, Z.(DmWi6^mm I s o 3g|J:$^"^l/--!f3^<Z)ai:^;i/dE^-^^ 
^ M ^ < U T fi^ e) t!)^ M * L V ^ . 
[0140] 
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(Z)< 1 - 1 0 0 >:^|qiT'^^ :i i::!b'JMt bv^o 

[0141] 

»^l 3 0 1 3 0 6 SXgtCfeVNT, V^yVm^tV 

[0 14 2] 
[0143] 

«^ >^ ^^^#7!)^ oTIgT' r ^ li-g- e> * T' * VN, 

[0144] 
8 ) 

^M^tC^VAT, m.^mm.lkt^mm.^ • ^^^M^^^Sr^g^^T'^SGaNa^KO:*:® 
^'f b 5: IIJHT' ^ S J: e) {C e ^ S ^ -t -6 o 
[0145] 

[0146] 

LTVASo rO)l/-if®f^fiK:&M&X^JIi{C® 1 6 (a) ~ (e) iC^-to *f 



3 1 
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BLfcz&mi 5 0 1 SrMOVP E^»®>SiS'Fl^(©-t^-fe>^^iC#i^L> ^m^^ 
M^W%-t^o MV^T, ySfS;^f^S:J±**'53 0 0 T o r r©7K*#H^h U 
m^mi 1 0 O'C^X^^mLXmWtl 5 O l $:iIl|^L/^®CD-9--x';i/^' U-:^> 
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